In an accompanying publication, we present evidence showing that/-region antisera kill allotype suppressor T cells (17) . These cells suppress production of IgG2a antibodies carrying the Ig-lb allotype in (BALB/c × SJL)F1 mice. Absorption studies show that the determinants detected by anti-I-region sera are also present on spleen cells from mice of several different mouse strains which are not allotype suppressed. These determinants are not found on helper T lymphocytes and thus identify a subpopulation of T lymphocytes with suppressor function. Data in the same publication also show that different/-region-controlled determinants are present on carrier-primed helper cells.
In this report, we define a locus, Ia-4, which controls the expression of determinants on a subclass ofT lymphocytes which includes allotype suppressor T cells. These determinants are not found on B lymphocytes and cannot be readily detected by conventional serotyping (cytotoxicity) assays. Evidence presented here will also show that the Ia-4 locus marks a new I subregion, designated I-J, which maps between the I-B and/-C subregions. This evidence is consistent with studies of carrier-specific suppression which show that the I-J subregion also codes for determinants on soluble factors which suppress antibody responses (18) .
Materials and Methods

Mice. (BALB/cNHz x SJL/JHz)F1 hybrids (Ig-la]Ig-lb, H-2~/H-2 ~)
and BALB/cNHz mice were used for the suppressor assay. Strains used to prepare anti-Ia sera and to conduct absorption studies are listed in Table I , together with the haplotype origin of the H-2 regions they carry.
Antisera. Three anti-Ia antisera were used in these studies: A. Absorption of Antiserum. In vivo: mice were injected i.p. with 0.3 ml undiluted antiserum and bled 3-4-h later. In vitro: (a) Unfractionated cells-1.0 ml of antiserum diluted 1:5 was added to a pellet comprised of spleen and lymph node cells from four mice and incubated for 1 h at room temperature; (b) Purified T or B cells-0.4 ml of antiserum diluted 1:5 was absorbed twice with 108 purified cells for 45 min at room temperature.
Dye Exclusion Microcytotoxic Assay.
A two-stage dye exclusion microcytotoxic test was performed, as described previously (22) , with some modifications. Lymph node or spleen cell suspensions were prepared in Dulbecco's phosphate-buffered saline fortified with 5% heat-inactivated fetal calf serum and adjusted to a final cell concentration of 1 x 106 cells/ml. Data are reported as percent cell death, with no correction for complement-mediated background cytolysis. Mass Kills for Adoptive Transfers. The presence of 1-region determinants on allotype suppressor T cells can be tested by treating this cell population with anti-I-region sera plus complement and looking for alleviation of suppression. Details of this cytotoxic treatment are described in an accompanying paper (17) . Tla allele according to Frelinger et al. (21) . The Ia-4 allele carried by each of these strains is identified by the ability to absorb antibody that kills Ts. The (BALB/c x SJL)F1 hybrids in which Ts are generated are H-2d/H-2 s heterozygotes, and therefore carry I ~ and P chromosomal segments. The antisera used react with determinants controlled by P. Ts activity afLer cytotoxic treatment with absorbed or unabsorbed sera is measured by the ability of the treated Ts to suppress Ig-lb anti-DNP production in a secondary adoptive cotransfer assay with syngeneic splenic cell populations containing primed helper T and B lymphocytes. Transfer of DNP-KLH-primed (BALB/c × SJL)F1 spleen (Ig-l A similar dichotomy is observed with a second pair of intra-I-region recombinant strains, B10.A(5R) and B10.A(3R) ( Table III) . In this case, the determinants on Ts were detected with a cross-reacting antiserum (B10.T(6R) × B10.D2)F1 anti-B10.AQR which was produced against the H-2 k haplotype. Whether the determinants detected on Ts with this cross-reactive antiserum are controlled by Ia-4 ~, or a second, closely linked locus remains to be determined; however, since we presently have neither genetic nor serologic evidence indicating that these determinants are controlled by a second locus, we assume that they are controlled by Ia-4 s.
Preparation of Purified Lymphocyte
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Results
Allotype
Recombinant strain B10.A(3R) carries the Ia-4 b allele, since, like its B10 parent, it does not absorb antibody reactive with Ts (Table III) . In contrast, recombinant strain B10.A(5R) completely absorbs this antibody and therefore must carry Ia-4 k determinants. (This conclusion is surprising because strain B10.A(5R) has been described as carrying determinants controlled only by the H-2 ~ and H-2 ~ haplotypes (2). The absorption cannot be due to H-2 a determinants, since the serum producer carries the H-2 ~ haplotype, and cannot be due to H-2 b determinants, since, as indicated above, a strain carrying the H-2 b haplotype does not absorb antibody reactive with Ts.) The portion of I-I-2 kderived chromosome in B10.A(5R) comes from parental strain A/WySn. Since B10.A was one of the parental strains which gave rise to B10.S(9R), this recombinant line also carries the Ia-4 k allele.
Data with the antisera discussed above define two antigenic specificities. Assuming these are both controlled by Ia-4, one specificity is unique to Ia-4 s determinants and is not shared with Ia-4 k determinants (A.TL anti-A.TH, (B10.A × A.TL)F~ anti-B10.HTT). The second specificity is shared by Ia-4 s and Ia-4 k determinants ((B10.T(6R) × B10.D2)F1 anti-B10.AQR).
Ia-4 Marks a New Subregion, I-J. The crossovers in the intra-I region recombinant strains discussed above indicate that the Ia-4 locus is distinct from Ir-lB or Ia-3, which mark the I-B and I-C subregions, respectively. These crossover positions therefore define a new I subregion, designated I-J, which is intercalated between the I-B and I-C subregions (see Table I , Fig. 1 ).
Both B10.S(9R) and B10.HTT obtained theK end oftheI region from the same H-2 s haplotype parent (2). Since B10.HTT carries Ia-4 ~, the crossover in this strain must have occurred to the right (D end) of the Ia-4 locus, while the crossover in B10.S(9R), which carries Ia-4 k, occurred to the lei~ (K end) of Ia-4 ( Fig. 1) . The same conclusion may be drawn from the data with B10.A(3R) and B10.A(5R). These recombinant lines were derived from (A × B10)F1 hybrids, and, according to known/-subregion typing, appear to be identical (26, 27) . 4 ~. Therefore, the crossover positions in these strains, as in B10.S(9R) and B10.HTT, occurred on opposite sides of Ia-4 ( Fig. 1 ). At present, the crossover position in B10.A(3R) cannot be distinguished from that in B10.HTT. The crossover in B10.S(9R) initially appeared to be indistinguishable from the crossover in B10.A(5R). The localization of the recombinatory event in B10.S(9R), however, was based on the assignment of the H-2 ~ haplotype to the I-B subregion carried by this strain (2). This assignment was made because B10.S(9R) lacked specificity Ia.3. Although control of this specificity was thought to map in the I-B subregion, it now appears to map in I-A (28) . Since B10.S(9R) has never been typed for its capacity to produce antibody against any of the antigens whose responses are controlled by genes in I-B, the haplotype origin of this subregion is currently unknown (27) . Therefore, the crossover in B10.S(9R) cannot be equated with that in B10.A(5R), although, in both cases, this recombinatory event occurred to the left (K end) of the Ia-4 locus.
TABLE III Mapping the Ia-4 Locus to a New I Subregion: Recombinant Strains BIO.A(5R) and BIO.A(3R)
In sum, the absorption studies presented above demonstrate that the Ia-4 locus, which controls determinants present on Ts, can be separated from other known/-region genetic markers by recombinatory events. The Ia-4 locus marks a chromosomal segment intercalated between the/-B and/-C subregions. We tentatively designate this new subregion I-J, and define its outer boundaries by the crossover positions in strains B10.A(5R) (K end) and B10.HTT (D end).
Antibody to I-J Determinants Cannot Readily Be Detected By Conventional Serotyping Assays. As shown above, absorption of A.TL anti-A.TH or (B10.A x A.TL)FI anti-B10.HTT with strain B10.S(9R) does not remove cytotoxicity for Ts, (i.e., anti-Ia-4 s activity). Nevertheless, as the data in Fig. 2 show, these absorptions completely remove the cytotoxic activity detectable with unabsorbed sera in the conventional dye exclusion microcytotoxicity assay. The splenic target cells used were from normal, nonsuppressed (BALB/c x SJL)F1 mice. Similar results were obtained with hybrid lymph node targets and with A.TH or B10.HTT lymph node or splenic targets. In addition, an antiserum produced in strains that differ only in the I-J subregion (B10.A(3R) anti-B10.A(5R)) kills Ts, but does not give measurable cytotoxicity in the dye exclusion assay (data not shown). Thus, no cytotoxicity is detectable by standard serotyping procedures either with a specific I-J antiserum or with other antisera rendered specific for I-J determinants by absorption. Since in vitro absorption studies have shown that at least a subpopulation of spleen and lymph node cells carry I-J determinants (Table II) (17) , these data suggest that the I-J-bearing subpepulation comprises less than 10% of spleen or lymph node ceils, the lower limit of detectable killing with this assay. 
Presence of Ia-4 Determinants on T but not B Cells.
Previously recognized Iregion determinants have been shown to be present predominantly on B cells (2, 4-6). The loci (Ia-1, Ia-3) controlling these determinants, we have shown above, are genetically separable from Ia-4. Data in Table IV show that Ia-1 and Ia-3 controlled determinants are also physically separated from those controlled by Ia-4, in that Ia-4 determinants are present on T rather than B lymphocytes.
Absorption studies with antisera rendered specific for I-J (as described above) show that nylon wool-passed splenic T cells of the appropriate haplotype completely absorb anti-Ia-4. An equivalent number of T-depleted B lymphocytes from the same spleen cell preparation, however, did not detectably absorb Ts killing activity (see Table IV ). Since the T-cell preparation used to absorb contained less than 1% B cells as judged by fluorescent staining with an antiimmunoglobulin reagent, these studies demonstrate that Ia-4 determinants are found predominantly (if not exclusively) on T cells.
We have shown elsewhere that only a subset of peripheral T cells carry Ia-4 determinants, since anti-Ia-4 antibody does not kill helper T cells (17) . The evidence presented here that B cells do not carry Ia-4 antigens indicates that they mark this subset exclusively. The data presented above, showing that anti-I-J kills less than 10% of spleen cells, is consistent with this conclusion, and suggests that the Ia-4-bearing subset of T cells is quite small.
Discussion
Allotype Ts carry surface determinants controlled by the I region of the H-2 complex (14, 16). We show here that these determinants are controlled by a new 
S(gR). § "T", nylon wool-passed (BALB/c x SJL)F~ splenic T cells (84% stained with a fluoresceinated T-
cell-specific rabbit anti-mouse brain serum (BAT positive); 1% stained with a fluoresceinated anti-Ig reagent which detects B cellsL "B", anti-BAT-treated spleen (3% BAT positive, 85% Ig positive).
locus, Ia-4, which marks a previously undefined/-region chromosomal segment (I-J) intercalated between the I-B and I-C subregions. Ia-4 determinants are present on a subset ofT lymphocytes which includes allotype Ts but not helper T cells [17] . Data presented here also show that B lymphocytes do not carry these determinants. I-J-controlled determinants have been detected on cells involved in two other T-cell functions: Con A responsiveness (Frelinger, personal communication) and carrier (KLH)-specific suppression of antibody responses (Tada, personal communication). In the latter case, I-J determinants are also found on the soluble factors (KLH-TsF, soluble suppressive factor) which suppress these responses (18) . In fact, the evidence that a locus controlling/-region determinants exists between the I-B and I-C subregions was first described in studies with these factors (29) .
Tada and Taniguchi (29) demonstrated that/-region antisera removed the soluble factors (KLH-TsF) prepared from thymus or spleen that specifically suppress antibody responses to KLH or to haptens coupled to KLH as a carrier. They showed that antibody to the known/-region specificities, with the exclusion of those in the/-E subregion, which also maps between I-B and I-C (see below), could not account for the removal of the KLH-TsF. The discovery of crossover pairs described here, which define the I-J subregion, allowed definitive mapping of the locus-controlling KLH-TsF determinants to the I-J subregion (18) . Thus, both allotype and carrier-specific suppression are associated with/-region determinants controlled by closely linked (or possibly the same) loci within the I-J subregion. This close linkage or identity is of interest since the mechanism of suppression in both cases shows striking similarities. (These similarities are discussed in an accompanying publication [17] .)
The detection of I-J determinants on Con A responsive cells suggests another association between I-J and suppression of immune responses. Frelinger (personal communication) has shown that cytotexic pretreatment of T-cell populations with anti-I-J sera prevents stimulation by Con A, a T-cell mitogen known to induce production of soluble factors which suppress immune responses (30) . It is tempting to speculate that the cells removed by cytotoxic anti-I-J treatment are those that produce these factors; however, Stout and Herzenberg (31) have shown that a small T-cell subpopulation contains cells that respond to Con A and that are required to initiate (promote) the response of other T-cell subsets to this mitogen. The initiator (promoter) cells are killed by the I-J antisera (Frelinger, personal communication) . Whether they or other T-cell subsets are responsible for production of the suppressive factors has not been determined.
/-region determinants associated with T cells or T-cell products have been described which differ from the I-J determinants discussed here. Some of these have been localized to other I subregions, while others show different serological characteristics.
Blocking studies by Stout (personal communication, 14) have shown that antibody against I-A or I-C products inhibits the binding of antigen-antibody complexes to the Fc receptor on the majority of Fc-bearing T lymphocytes. It is interesting to note that anti-I-J antibody does not measurably block complex binding, although the Con A promoter cell described previously is a Fc receptorpositive cell. Either the I-J-positive population is too small to be detected in the blocking studies, or I-J antisera, unlike I-A or I-C antisera, do not inhibit complex binding.
Serological studies have also suggested that I-A or I-C region-controlled antigens are present on T lymphocytes. David et al. (9) found that specificities Ia.l-10 are present on Con A-stimulated blasts. Although most of the antisera they examined potentially contain anti-I-J activity, it is unlikely that I-J antibody mediates this effect since absorption-elution experiments indicated that the specificities involved are on both T and B cells. GStze (7) defined a T-cell Ia specificity which is controlled by a gene mapping in the I-B--G interval. Since B lymphocytes absorb completely for T lymphocytes, and the pattern of reactivity with various recombinant lines is not consistent with that predicted for the I-J polymorphism (Table I) , the Ia antigens examined in this study are probably not controlled by I-J.
Functional studies by Tada and Taniguchi (29) have shown that the I region codes for receptors on T cells required for KLH T-cell factor-mediated suppression. Loci controlling these determinants most likely map to the left of the I-C subregion. In an accompanying publication, we show thatI-region determinants different from Ia-4 are present on carrier-primed helper populations (17) . The locus controlling these determinants has not been localized to a particular I subregion.
Soluble T-cell factors which potentiate the immune response also carry Iregion determinants. Taussig et al. (32) have described a factor that is capable of replacing helper function in generating an IgM antibody response. This factor appears to bear determinants controlled by the I-A subregion. Armerding et al. (33) and Delovitch (personal communication, 14) have shown that the allogeneic effect factor, which interacts with B lymphocytes to give an IgG response, also bears Ia determinants. Finally, Tada et al. (18) have described a soluble factor which enhances in vitro IgG responses. Activity of this factor appears to require I-A subregion matching between donor and target populations.
The data discussed above suggest that the I region may control at least two different sets of determinants on T lymphocytes. The Ia-4 determinants described here are one unique set which is selectively expressed on allotype suppressor T cells. These determinants are not found on B cells or helper T cells. The Ia-4 locus maps to the same I subregion (I-J) as loci that control determinants on carrier-specific suppressor T cells (or factors) and on Con A response promoter T cells. Other determinants found on T cells appear to be a heterogenous group which map to different subregions and may be shared with B cells.
Several points concerning the definition of the/-J subregion warrant consideration. This chromosomal segment is defined by the crossover positions in strain B10.A(5R) (K-end boundary) and B10.HTT (D-end boundary). The I-J subregion appears to be bounded by the I-B and I-C subregions; however, there are two potential problems with this localization: (a) the/-B subregion as currently defined may not exist; (b) another I subregion, I-E, has been postulated which maps to the left (K end) of I-C.
The necessity for postulating an I-B subregion has recently been questioned (34) . Since no cell surface determinants are controlled by this region, its definition depends on Ir gene markers which appear to map within it. Mapping of these markers depends, in turn, on a key assumption: that the response to a given antigen is controlled by a single Ir gene. The validity of this assumption should perhaps be re-evaluated, considering the complexities known to be associated with control of the immune response (35) (36) (37) (38) .
The Ir-lB locus, which purportedly marks the I-B subregion, controls the response to an IgGh myeloma protein (M173). Supportive evidence for this concept comes from studies that show serological cross-reactivity between the products of I-A and I-C subregion genes (14, 22, 39) . Such cross-reactivity suggests structural homology and implies that this chromosomal segment may have been derived by a process of tandem duplication of a common ancestral gene. The localization of two or more Ir genes with similar functions in different I subregions would not be unreasonable under these circumstances. Should the I-B subregion prove to be an artifact, then the I-J subregion would be bounded on the left (K end) by I-A.
The righthand (D end) boundary of the I-J subregion is defined by the crossover in strain B10.HTT. According to current/-region maps, this recombi-natory event occurred to the left (K end) of the I-C subregion (2) . Recently, a new I subregion, designated I-E, has been postulated which also maps to the left (K end) of IoC (David, personal communication) . This new subregion lies between I-J and I-C.
The existence of the I-E subregion was proposed to explain the cytotoxic reaction ofa (C3H.Q × B10.D2)F1 anti-B10.AQR (anti-F) serum with B10.A(5R) target cells in a dye exclusion assay (40) The determinants controlled by the postulated I-E subregion, however, are different from those controlled by I-J for two reasons. First, I-E-controlled determinants were studied utilizing standard serotyping procedures. Antibody against I-J determinants cannot be detected in conventional dye exclusion assays. Second, in the dye exclusion assay, strains B10.S(9R), B10.HTT, B10.A(3R), and B10.A(5R) all completely absorb antibody activity for B10.A(5R) targets from the (B10.T(6R) x B10.D2)F1 anti-B10.AQR serum used in this study (Murphy, unpublished data) . These data suggest that the four strains used for absorption share the same I-E subregion. Since the I-J subregion is defined on the basis of differences between these strains, the two regions must be distinct. Furthermore, this evidence indicates that the/-J subregion must map to the left (K end) ofI-E.
The crossover positions in strains B10.A(5R) and B10.HTT thus define the/-J subregion. Considering the reservations stated above, this subregion clearly maps between I-A and I-C. If both the I-B and I-E subregions are validly defined, the map order would be I-A, I-B, I-J, I-E, I-C.
During the past few years, it has become apparent that one mechanism by whichI-region genes may regulate the immune response is by suppression. This possibility was first suggested by Gershon et al. (42) , who found that the synthetic polypeptide GAT (L-glutamic acid-L-alanine-L-tyrosine) readily induces tolerance in nonresponder animals to GAT coupled to methylated bovine serum albumin (MBSA). Later studies with this antigen by Kapp et al. (43) showed that GAT-specific suppresser T cells could be generated in nonresponder strains. The response to GAT is controlled by Ir genes which map between the K and I-C regions (35) . Recently, Debrg et al. (44) have shown that some, but not all strains develop GT (L-glutamic acid-L-tyrosine)-induced suppression of GT-MBSA responses. Gene(s) that govern this trait have been designated as immune suppression (Is) genes and are linked to the H-2 complex.
The observation that/-region-controlled products are selectively expressed on allotype suppressor T lymphocytes and antigen-specific soluble suppressor factors (18, 29) further argues for suppressor-type mechanisms as one means by which/-region genes regulate the immune response. Other control mechanisms may be based on the expression of different/-region determinants selectively on helper T cells (14, 17) , helper T-cell factors (14, 18, 32, 33) , B cells [14] , or perhaps even on antigen-committed subpopulations of these cells. The demonstration that products of I-region loci are selectively expressed on functionally different lymphocytes offers a new framework for consideration of the complex processes which regulate immune responses.
Summary
In an accompanying publication we show that a subpopulation of T lymphocytes, which includes allotype suppressor T cells, selectively expresses I-region determinants. In this report, we show that these determinants are controlled by a new locus, Ia-4. Unlike the classically defined Ia antigens, they are not found on B lymphocytes. Antibody against Ia-4 determinants cannot be detected by conventional dye exclusion cytotoxicity assays, suggesting that they are present on a small subpopulation (less than 10%) of peripheral T lymphocytes.
The Ia-4 locus marks a new I subregion, provisionally designated/-J. This chromosomal segment is defined by the crossover positions in strains B10.A(5R) (K-end boundary) and B10.HTT (D-end boundary), and maps between the 1-B and PC subregions.
